2 o 



m 



JCOSBec'dPCWPTO 20 MAY 2005 



? 



PTO/SB/21 (09-04) 
Approved for use through 07/31/2006. OMB 0651-0031 



- Under the Padjtwork Reduction Act of 1 995 no Dersons 


U.S. P 

are reauired to resoond to a coll< 


atent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
>crinn nf information unless it riisnlavs a valid OMR control number 


TRANSMITTAL 
FORM 

(to be used for all correspondence after initial filing) 


Application Number 


10/531,864 1 


Filing Date 


October 20, 2003 ! 


First Named inventor 


GOPAUL 


Art Unit 




Examiner Name 




X_ Total Number of Pages in This Submission 


Attorney Docket Number 


330-024 J 



ENCLOSURES (Check all that apply) 



□ 
□ 



□ 
□ 
□ 

□ 



Fee Transmittal Form 
Fee Attached 



□ 



Amendment/Reply 

CU After Final 

EZ1 Affidavits/declaration(s) 

Extension of Time Request 

Express Abandonment Request 

Information Disclosure Statement 



Certified Copy of Priority 
Document(s) 

Reply to Missing Parts/ 
Incomplete Application 

□ Reply to Missing Parts 
under 37 CFR 1.52 or 1.53 



□ Drawing (s) 

□ Licensing-related Papers 

□ 
□ 
□ 
□ 
□ 
□ 



Petition 

Petition to Convert to a 
Provisional Application 
Power of Attorney, Revocation 
Change of Correspondence Address 

Terminal Disclaimer 
Request for Refund 



CD, Number of CD(s) 

[~~] Landscape Table on CD 



□ 
□ 

□ 
□ 
□ 
□ 



After Allowance Communication to TC 

Appeal Communication to Board 
of Appeals and Interferences 

Appeal Communication to TC 
(Appeal Notice, Brief, Reply Brief) 

Proprietary Information 
Status Letter 

Other Enclosure(s) (please Identify 
below): 



Remarks 



SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 



Firm Name 



Anthony R. Barkume, P.C. 
✓7 /7 " TO v 





Signature 



Printed name 



thony R. Barkume 



Date 



May 18, 2005 



Reg. No. | 33 831 



CERTIFICATE OF TRANSMISSION/MAILING 



I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with 
sufficient postage as first classmail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on 
the date shown below: / \ /) f) " 




Signature 



Typed or printed name 



R. Barkume 



Date 



May 18, 2005 



This collection of information is required by 37 CFR 1 .5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



• 



THIS PAGE BLANK up** 




* 



^•r/FTO 20 MAY 

Attorney Docket No.: 330-024 



THE UNITED STATES PATENT AND TRADEMARK OFFICE 
GOPAUL 
10/531, 864 
October 20, 2003 
SENSORS 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



SUBMISSION OF CERTIFIED COPY OF PRIORITY DOCUMENT 



Sir: 



Enclosed herewith is a certified copy of the following 
priority document for the above-captioned case: 



U.K 



0224267.5 



Filed in U.K. October 18 2002 



May 18, 2005 

Anthony R. Barkume 
20 Gateway Lane 
Manorville, NY 11949 
(631) 878-0526 



Respectfully submitted, 




Anthony R. Barkume 
Attorney for Applicant (s) 
Reg. No. 33,831 



THIS PAGE BLANK (usf)> 




- A CLUUiUL ' 

i Office I 



% ^ INVESTOR IN PEOPLE 

The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the application is now proceeding in the name as identified herein. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced bv P I c 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
ubjects the company to certaiffc additional company law rules. 



Signed -{Ws**va*y . 

Dated 21 April 2005 



CERTIFIED COPY OF 
PRIORITY DOCUMENT 



An Executive Agency of the Department of Trade and Industry 



THIS PAGE BLANK 




+ 





INVESTOR IN PEOPLE 




GB0224267.5 



By virtue of a direction given under Section 30 of the Patents Act 1977, the application is 

proceeding in the name of:- 



MIDDLESEX UNIVERSITY HIGHER EDUCATION CORPORATION 

Incorporated in the United Kingdom 

Bounds Green Road 

London 

N112NQ 

United Kingdom 

ADP No. 08749251001 



* '» 



An Executive Agency of the Department of Trade and Industry 



THIS PAGE BIANK**" 3 > 



its Form 1/77 



Patents Act 1977 
} (Rule 16) 



Request for grant of a patent 

(See the notes on the back of this form. You can also get an 
explanatory leaflet Bom the Patent Office to help you BO in 
mis form) 



i Office | 



■ i * 
i2 E756868-t; ; C12133J_ 



U 0C1 2002 



P01/7700 |00-0p26?.5/ / 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



1 . Your reference 



550 



2. Patent application number 

(The Patent Office wiUfill in this part) 



0224267-5 



3. Full name, address and postcode of the or of 

each applicant (underline all surnames) MIDDLESEX UNIVERSITY SE^^j 



■oh 



,TD 



Patents ADP number (if you know it) 



If the applicant is a corporate body, give 
country/state of its incorporation 



BOUNDS GREEN ROAnyGr^ 
LONDON r*T^ 
N112NQ ^rff r*> %1 



4. Title of the invention 



SENSORS 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 



Patents ADP number (if you know it) 



COHEN, ALAN NICOL 

2 GROVE PLACE 

TATSFIELD 

Nr. WESTERHAM 

KENT 

TN16 2BB 



61 4 3 Sflcrv\ 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country Priority application number 

(if you know it) 



Date of filing 
(day / month /year) 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



8. Is a statement of inventorship and of right 

to grant of a patent required in support of YES 
this request? (Answer Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



Patents Form 1/77 



Patents Form 1/77 



9. Enter the number of sheets^or any of the 
following items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 

Claims) 
Abstract 

Drawings 



s 
i 

2L \ 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 

(Patents Form 10/77) 

Any other documents 

(please specify) 



11. 


I/We request the grant of 


a patent on the basis of this application. 




Signature ^^^^ 


Dat 77/V<a 


12. Name and daytime telephone number of 
person to contact in the United Kingdom 


A. N. Cohen 


01959 577172 


Warning * 



will be infold TfffffZ Sb ° UUl be Prohibited or restricted under Section 22 of the Patents Act 1977. You 

TrZtZ Z ™ V necess »*y to prohibit or restrict your invention in this way. Furthermore ifvou live in the 
^nLt™£onT2tbe °^oT SACt r ^ 7 ^ufrom applying for i paten^JZZTfZ jmn, 
United ^^orZa^fT^^ 7 appUcation has ^en filed at least 6 weeks beforehand in tie 

—icllZtasl!^ 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

C) ItT^pV^Z^^c a V he ^T^ 15 ° n ^yP-rt of this form, please continue on a separate 
attZZdfoZisXrT continuation sheet" in the relevant P art(s). Any continuation sheet should be 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 



- 1 - 

Sensors 

The present invention relates to zirconia sensors; zirconia sensors are used for the 
detection of oxygen, carbon dioxide, water vapour etc. 

Amperometric (two electrode) zirconia sensors are solid state electrochemical devices 
that have been developed and used principally for measuring oxygen in gas mixtures. 
Work has been reported where use has been extended to include measurement of 
water vapour or carbon dioxide. Adding a further pair of electrodes to the sensor 
enables it to be operated as a pump-gauge device which can still be used in the 
amperometric mode while providing additional information for analytical purposes 
via the gauge. 

Amperometric zirconia sensors normally have a single enclosed internal volume and 
hence may be termed single-chamber devices. Some zirconia sensors have two 
enclosed internal volumes which may or not be connected to each other and to the 
external environment via a hole or holes and may be termed double-chamber devices; 
the inclusion of the second chamber confers additional benefits and this invention 
encompasses sensors with one, two or more chambers. 

Zirconia is an oxygen ion conductor at elevated temperatures (>300°C) and its 
conductivity increases as the temperature is raised. Thus, by applying porous 
electronically-conducting electrodes, such as platinum, to the two surfaces of a disc 
of the ceramic, and imposing a voltage between the electrodes a current flows and 
oxygen is electrochemically pumped through the zirconia (amperometric mode); or, if 
the disc is in contact with gases having different oxygen partial pressures at each 
electrode then the system is a concentration cell and a Nernst EMF is generated 
between the two electrodes (potentiometric mode). 

One type of zirconia sensor comprises a hollow cylinder, one end of which comprises 
a disc of porous zirconia which disc has gas permeable electrodes on either side. The 
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cylinder has a diffusion hole or holes formed within the structure connecting the inner 
volume of the hollow cylinder with the surrounding gas. 

In use the sensor is heated and a potential difference applied across the disc via one 
5 pair of the electrodes; when a gas containing oxygen enters through the diffusion 
hole(s) the current flowing is a measure of the oxygen concentration in the gas 
surrounding the sensor. 

Hitherto the sensor has been made by forming the sensor from a green (i.e. unfired) 
1 0 zirconia ceramic (formed from an intimate mixture of zirconia powder with a binder) 
e.g. by assembling discs and rings of the green zirconia ceramic to form the desired 
shape, inserting wires of e.g. platinum, to form electrical connections to the 
electrodes, printing, of painting or otherwise applying the electrodes onto the green 
zirconia ceramic, inserting and then removing a metal wire in the green zirconia 
15 ceramic to form the diffusion hole and firing the structure. 

The hole formed is adversely affected both by the pulling out of the wire and by the 
subsequent relaxation of the material surrounding the hole which can result in an 
imprecise and not well-defined hole. This affects the accuracy and repeatability of the 
2 0 results from sensor to sensor. 

We have now devised an improved method of forming the diffusion hole or holes 
which also enables holes with simple or complex geometries to be engineered. 



According to the invention there is provided a method of forming a diffusion hole in 
a fired ceramic which method comprises forming a green ceramic structure from an 
intimate mixture of a powder of the ceramic and a binder which is normally a 
polymer, which structure incorporates an organic fibre or fibres or other organic 
element or elements passing from one side of the ceramic structure to the other in a 
straight or non-straight path with uniform or non-uniform cross-section, firing the 
green ceramic structure at an elevated temperature to cure the ceramic and to destroy 
the binder and the organic fibre(s) or element(s). 
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For sensors, where the organic element is a fibre or fibres of uniform circular cross- 
section, the size diameter of the hole(s) after firing is preferably greater than 10 
microns and more preferably in the range 25 to 200 microns and the size of the 
fibre(s) chosen accordingly. For zirconia ceramics there is a linear size reduction of 
about 20% on firing and this is allowed for in the dimensions of the green ceramic 
and fibre(s) or other organic elements. 

The fibre can be destroyed by one or more of vapourisation, carbonisation, 
combustion or any other process which destroys the organic fibre. 

The green ceramic can be formed by conventional methods such as by forming an 
intimate mixture of zirconia powder with a binder such as polyvinyl alcohol powder 
and a solvent such as water and forming into a sheet or tape. Discs and rings of this 
material are readily punched out from such a tape using simple steel tools. 

The green structure can be fired in a conventional furnace to form a hard ceramic 
material and temperatures over 1000°C, e.g 1450°C, are typically used. At During the 
process of heating up to this temperature the organic fibre will bo is vapourised or 
otherwise destroyed. 



The sensor includes heating elements to raise the temperature of the sensor to the 
desired operating temperature e.g. of the order of 350-800°C. The heating element 
can be in the form of resistance wires in contact with, of embedded in or adjacent to 
the ceramic and an electric current can be fed to the heating element by means of 
2 5 platinum or other metal wires. 

A preferred structure is for the heating element to be in the form of a circular or 
square disc, which may be made of alumina onto which is printed a metal film to 
carry the electrical current, in contact with, or adjacent to the zirconia ceramic 
30 structure; more preferably there can be two heating elements, one on either side of the 
sensor element to form a sandwich construction. The heating elements can be 
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connected in series or parallel; if they are in parallel there is still heating ef if one 
heating element should fail. 

A preferred method of making a sensor incorporating a sensor element, which may be 
5 a cylindrical sensor element or a planar sensor element or a sensor element of some 
other geometry, comprises placing the sensor element, plus heaters and thermal 
insulation where appropriate, on a support disc having a number of electrically 
isolated conductive wires/posts passing through and fixed to it, the wires/posts are 
positioned in a substantially circular configuration of diameter larger than the 

10 diameter of the sensor element with the cylindrical or planar sensor element 
(including heaters and thermal insulation where appropriate) positioned within the 
circle formed by the wires/posts so that the wires/posts pass up the sides of the sensor 
element to grip the sensor element and connect to the contacts for the electrodes and 
for the heating elements. The wires/posts are normally then bent over at the ends to 

15 grip and hold the sensor element. 



20 



25 



30 



In a further preferred embodiment the isolated conductive wires/posts pass through 
the support disc in a substantially circular configuration, they are bent at right angles 
outwards in a radial configuration , are then bent a second time at a point further 
along the wires/posts so that the conductive wires/posts are again running essentially 
parallel to each other and perpendicular to the support disc but now in a substantially 
circular configuration which is of larger diameter than that at the point where the 
wires/posts traverse the support disc. The sensor, heater(s) and thermal insulation 
material are then introduced into the region between the wires/posts as above. In this 
configuration there is a gap between the sensor element and the support disc. 

In a further preferred embodiment the thermal insulation is cut as discs from sheet 
materials and is added in layers during assembly to fit within the circular arrangement 
of wires/posts. Alternatively, some or all of the discs of thermal insulation material 
may be cut so as to extend beyond the diameter of the circular arrangement of 




wires/posts; in this case either the wires/posts pass through the outer edges of such 
discs or the outer edges of some or all of the discs have a pattern cut in the 
circumference such that the wires/posts fit into the indentation generated. In each of 
these options each disc has a uniform thickness but thickness may vary from disc to 
5 disc 

At the level where a heater and sensor are added a hole is normally cut in the 
accompanying layer or layers of insulation material so that the insulation material 
surrounds the active components and fills the gap between the heater or sensor and 
10 the wires/posts. 

Each heater has two wires which are typically platinum connected to it to supply 
electrical power to the heating element. The sensor has at least two wires which are 
normally platinum running to it each wire connected to one of the sensor electrodes. 

15 The wires from the heaters and from the sensor run between the layers of thermal 
insulation and are connected to the wires/posts running through the support disc. It is 
to be noted that with the method of packaging described, the sensor and heaters are 
not supported by the attaching wires and hence the diameters of the wires may be 
chosen on criteria other than mechanical strength, e.g. cost. A further benefit of this 

20 method of packaging is improved vibration and shock resistance of the sensor/ 
heater(s). 

The ends of the wires/posts on the other side of the disc from the sensor can be 
connected to an appropriate electricity supply e.g. for measuring the current flowing 
25 through the ceramic and for heating the element. If a standard B€B PCB (printed 
circuit board) socket is used this can be plugged into a standard board. 

This structure is easy to fabricate and robust and easy to use. 

30 The invention is illustrated in the drawings in which:- 
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Fig. 1 shows a cross section of a sensor element 

Fig. 2 shows a cross section of an assembled sensor and 

Figs. 3 and 4 show a preferred construction of a sensor 

5 Referring to fig. 1 the sensor element is formed of a fired zirconia ceramic (1) which 
has an internal cavity (4), and a diffusion hole (3) formed in it by the method of the 
invention, there are platinum wires (2) which contact electrodes on the sensor as in 
conventional sensors. There is an electrical heating element (not shown) which heats 
up the sensor to operating temperature. 

10 

In use a potential difference is applied between wires (2) and, when a gas containing 
oxygen diffuses through the hole (3), the current flowing between the electrodes is a 
measure of the oxygen concentration. 



15 Referring to fig. 2 the assembled sensor comprises a sensor element (9) as in fig. 1 on 
either side of which are heater elements (7) and (8). 

Referring to Fig. 3 this shows the support for the assembled sensor and comprises a 
solid disc (10) into which wires (1 1) are fixed, the ends (lib) are arranged to plug 

20 into a socket such as a PCB socket which are commercially available. To assemble 
the sensor element the sensor, including heaters and thermal insulation material, is 
placed within the circle formed by the wires (fig. 4) and the wires (1 1) bent over the 
top of the sensor to grip and hold the sensor. All or some of the wires (11) are 
connected to the various components of the sensor so that the current flowing in the 

25 sensor element can be measured and the heating elements operated. 




Claims 

1 . A a method of forming a diffusion hole in a fired ceramic which method comprises 
forming a green ceramic structure from a powder of the ceramic which structure an 

5 organic fibre or other organic element passing from one side of the ceramic structure 
to the other, firing the green ceramic structure at an elevated temperature to cure the 
ceramic and to destroy the organic fibre or other organic element. 

2. A a method as claimed in claim 1 in which, where a fibre is employed, the size 
10 diameter of the hole after firing is greater than 10 microns. 

3. A a method as claimed in claim 1 in which, where a fibre is employed, the size 
diameter of the hole after firing is in the range 25 to 200 microns 

15 4. A method as claimed in any one of claims 1 to 3 in which the green structure is 
fired at a temperature in excess of 1000°C. 

5. A method as claimed in any one of claims 1 to 4 in which the ceramic is zirconia. 

20 6. A sensor which comprises a hollow cylinder with end caps enclosing an internal 
volume having a hole or holes formed in its structure by the method of any one of 
claims 1 to 4, one end of the cylinder being a sensor element comprising a zirconia 
disc which has a porous electrode positioned on each surface, there being an electrical 
heating element able to heat the zirconia disc and in which sensor there are means 

25 whereby a potential difference can be applied across the said disc between the 
electrodes and the current monitored. 

7. A sensor which comprises a hollow cylinder with end and intermediate caps 
enclosing two or more internal volumes having one or more holes formed in its side 
30 structure by the method of any one of claims 1 to 4, one end of the cylinder being a 
sensor element comprising a zirconia disc which has a porous electrode positioned on 
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each surface, there being an electrical heating element able to heat the zirconia disc 
and in which sensor there are means whereby a potential difference can be applied 
across the said disc between the electrodes and the current monitored or a constant 
current may be passed through the said disc or the electrodes on said disc are on 
open-circuit and a voltage is measured between said electrodes. 

8. A sensor as claimed in claims 6 or 7 which comprises a sensor and an adjacent 
heating element which is close to or in contact with the sensor so that heating element 
is able to heat the sensor element. 

9. A sensor as claimed in claim 8 in which there are two heating elements one on 
each side of the sensor element to form a sandwich construction. 

10. A method of making a sensor incorporating a cylindrical or planar sensor element 
or a sensor element of some other geometry comprises placing the sensor element on 
a support disc having a number of electrically isolated conductive wires/posts passing 
through and fixed to it, the wires/posts are positioned in a substantially circular 
configuration of diameter larger than the diameter of the sensor element with the 
cylindrical sensor element positioned within the circle formed by the wires/posts so 

20 the wires/posts pass up the sides of the sensor element to grip the sensor element and 
connect to electrical contacts for the electrodes and for the heating elements. 

1 1. A method of making a sensor as in claim 10 in which the diameter of the circular 

configuration of wires/posts into which the sensor element is inserted is modified by 

25 bending each wire twice through a right angle prior to inserting the thermal insulation 
material and sensor element. 

12. A method of making a sensor as in claims 10 or 11 in which the thermal 
insulation material is added in layers of discs of a single thickness or varying 

30 thicknesses, each disc being cut from sheets of uniform thickness. 
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13. A method of making a sensor as in claims 10 or 11 in which holes are cut in the 
discs of thermal insulation as appropriate to accommodate the sensor and heaters. 

14. A method of making a sensor as in claims 12 and 13 in which the wires 
connecting the sensor and heaters to the wires/posts run between individual layers of 
discs of thermal insulation material. 

15. A method of making a sensor as in claims 9 to 14 in which the wires/posts which 
pass up the sides of the sensor element are bent over at the end to grip the sensor 
element. 

16. A sensor made by the methods of claims 9 to 15. 

17. A sensor as hereinbefore described with reference to the drawings. 
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Abstract 

In a zirconia oxygen sensor utilising a diffusion hole the hole is made by inserting an 
organic fibre or element in the green ceramic and firing to destroy the fibre or element 
and leave a hole in its place. A package for a sensor is described in which the 
wire/posts for the electrical connections also form a cage to hold the sensor, heater(s) 
and thermal insulation firmly and plug into an electrical socket. 




Fig. 2 
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